Abstract. Altitude is an important factor when explaining species distributions. However, many biogeographical studies register altitude directly through topographic maps; a time-consuming manual process prone to mistakes. Currently, GIS and DEMs allow this work to be done more efficiently. Two methods for registering altitude for locations of amphibians and reptiles in the Iberian Peninsula were compared in order to evaluate their efficiency and similarity: manually through topographic maps, and automatically with a GIS, where two DEMs were analysed: the SRTM DEM and a DEM generated through topographic maps. The SRTM altitudes were similar to those recorded by the manual method (only Rana perezi presented differences), whereas the other DEM had differences in almost all amphibians and three reptiles. The differences between both DEMs corresponded mostly to rivers and band effect of radar sensor. The GIS method was faster, efficient and no time was consumed in searching and correcting human errors.
The distribution of wildlife species is determined by several factors, such as climatic, habitat, physical, human and topographical variables (Vargas and Real, 1997) . Biogeographical studies usually relate the distribution and richness of wildlife species with these environmental factors searching for geographical patterns associated with range occurrence (Cumming, 2000; Lobo et al., 2004) . Among these factors, altitude is particularly important as it affects the geographical variation of other climate and/or habitat factors (Luoto et al., 2002; Dettki et al., 2003) . Thus, altitude is a variable usually correlated with the species distribution (Teixeira et al., 2001; Brito and Crespo, 2002) and with species richness (Soares et al., 2007) . Actually, altitude has been tested frequently by itself in several works (Pleguezuelos, 1986; Pleguezuelos and Villafranca, 1997; Morales et al., 2002) . In these studies, specimens of each species are grouped by altitudinal ranks (e.g. 100 or 200 m), according to the scale of the study area (e.g. regional or national), in order to measure the altitudinal distribution of species and to learn how this variable influences species richness. In local scale studies, these altitudinal ranges are narrower, and therefore the accuracy of the geographic measurement of altitude (as well as horizontal coordinates) should be exact to avoid allocation mistakes in correcting altitudinal range. Furthermore, the most exact accuracy in both vertical and horizontal coordinates enables the possibility to avoid location errors and to work at different scales (Sillero et al., 2005) .
Many studies still collect altitude directly by hand from topographic maps, through the geographic location of each specimen (Morales et al., 2002) . This manual process is timeconsuming and prone to mistakes. Currently, digital technologies, such as Geographical Information Systems (GIS), using digital altitudinal contours of topographic maps, Global Positioning System (GPS) and Digital Elevation Models (DEMs), allow this process to be done more rapidly and more precisely, reducing human errors.
With a GIS, digital contours from topographic maps can be used to obtain the altitude through interpolation, but this is not simple. In addition, sometimes the contour lines from several map sheets do not meet, which produces additional problems. On the other hand, GPS has enough precision on vertical accuracy for most biogeographical studies. However, when species distribution data come from historical studies, the species geographical coordinates can only be obtained from maps, and then, the altitude through topographic maps (manual process) or DEMs (automated process).
In some parts of the world, DEMs are limited, inaccurate, or non-existent, and high precision DEMs are either expensive or unavailable. Further problems arise when neighbouring countries generate topographic data using different methods. Fortunately, these problems are no longer a concern. Particularly, Remote Sensing applications allow studies to be developed in large areas using the same methodology at a very low cost (Osborne et al., 2001) . Recently, the DEM produced from the Shuttle Radar Topography Mission or SRTM (Coltelli et al., 1996; Werner, 2001a,b; Rabus et al., 2003) , which has the most complete near-global high-resolution database of Earth's topography, has become freely available to download from an Internet site (EDC, 2001) . With a 3-arc seconds resolution (about 90-meters), the SRTM allows to perform local, regional or global-scale studies.
The main objective of this paper was to provide evidence demonstrating how Remote Sensing is a more reliable and useful data source for biogeographical studies. In this context, two methods of recording altitude of amphibian and reptile species in the Iberian Peninsula were compared: manually through topographic maps and automatically with a GIS. The latter method was further studied by analysing two different DEMs: one from the SRTM and another one produced through topographic maps. The objectives were: 1) to examine the extent, accuracy and precision on how manual and automated methods of measuring elevations satisfy the requirements of biogeographical studies; and 2) to compare the similarities and differences between the manual and automated methods.
Data were provided from the province of Salamanca, located in Central Western Spain ( fig. 1 ). Species' distribution data were collected between 2000 and 2002 from fieldwork and from published atlases (Pleguezuelos et al., 2002; Merchán et al., 2004; Sillero et al., 2005) . A total of 6517 locations of amphibians and reptiles were gathered and georeferenced with a GPS (table 1). As the number of records varied between species, a sample for each species was used in this study: all locations were included if the total number of locations for a species was less than 10, 10 locations if it ranged from 10 to 100, and 10% if it had more than 100 locations. The locations were randomly selected using the Hawth's Analysis Tools extension ® (Beyer, Spatial Information Systems Consultant, Edmonton) of the GIS ArcGIS 9 TM (ESRI, Redlands, CA). A total of 753 locations were selected for analysis (table 1) .
From the location of species, altitudes were estimated through two methods: the Manual method (hereafter MM), reading altitude from 1:50 000 topographic maps (SGE, 2006) , and the GIS method, obtaining altitudes from two DEM: 1) a modified version of the SRTM DEM (hereafter 100SRTM, publicly available from UPM, 2005) with a pixel size of 100 m and adapted to the European Datum of 1950 for Spain and Portugal (the same datum than the topographic maps); and 2) a DEM (hereafter 50DEM) with a pixel size of 50 m, produced from the 1:50 000 topographic maps by the Geographical Information Service of Junta de Castilla y León (Spain). These topographic maps were the same ones used to collect altitudes by the MM. The ArcGIS 9 TM spatial tool "Extract values to point" was used to get the altitude value from the pixel of both DEM to the GPS locations.
The absolute differences between values of altitude recorded from the MM and the two DEMs were calculated. All sample locations with an altitudinal difference higher than 20 m were investigated, because this distance corresponded to the equidistance between two contour lines, i.e. the minimum altitudinal interval that could be read manually. The number of errors when reading altitudes with the MM were recorded and corrected.
Altitudes collected from the MM and the two DEMs were compared by species, by Order (Urodela, Anura, Squamata, Ophidia and Testudines), and by Class (Amphibians and Reptiles), in order to see which DEM provided altitudes more similar to the ones recorded from the MM. Correlations between ranks and absolute differences were measured to detect biases in the distribution of the differences. In order to study the spatial distribution of the dissimilarities between the 100SRTM and the 50DEM, a new digital model was built, where each pixel was subtracted by both DEMs. Altitudes were grouped in ranks of 100 m for all analysis. Concerning comparisons by species (table 1): (1) in "MM-100SRTM" there were significant differences in only one amphibian (Rana perezi), and no significant altitudinal differences among reptiles; (2) in the 50DEM comparisons, only Salamandra salamandra, Alytes cisternasii, A. obstetricans, Discoglossus galganoi and Hyla meridionalis presented significant altitudinal differences (Bufo bufo only on the 100SRTM-50DEM comparison); whereas Emys orbicularis was the only reptile with significant differences in the two 50DEM comparisons, and Natrix natrix and Vipera latastei in the MM-50DEM comparison.
Regarding taxonomic groups, there were no groups with significant altitudinal differences in the "MM-100SRTM" comparison (table 2). In the remaining comparisons with the 50DEM, only amphibians had significant altitudinal differences, as well as both amphibian Orders separately, Anura and Urodela. Thus, the 100SRTM had less significant altitudinal differences among groups (table 2) .
The absolute differences between the three sets of estimated altitudes were significant (Friedman ANOVA: n = 753, df = 1, X 2 = 209.5041, p < 0.0001). The pair "MM-100SRTM" had the smallest absolute average difference ("MM-100SRTM": mean = 7.47 ± 6.82 m, range 0-56 m; "MM-50DEM": mean = 17.68 ± 13.57 m, range 0-118 m). The 100SRTM was the DEM with least number of estimated altitudinal differences over 20 m from the MM: 25 records for 100SRTM, and 253 records for 50DEM. The spatial distribution of the dissimilarities between the 100SRTM and the 50DEM was represented in the subtraction model ( fig. 1 ). There were no correlations between the altitudinal ranks and the two sets of absolute altitudinal differences ("MM-100SRTM": n = 753; Spearman R = 0.0428; "MM-50DEM: n = 753; Spearman R = 0.1198). Thus, the differences were equally distributed in each altitudinal rank. The altitudes from the SRTM (100SRTM) were the most similar to the altitudes recorded from the Manual Method (MM). Also, when comparing with estimated altitudes through the topographic map DEM (50DEM), the 100SRTM presented a lower number of altitudinal differences higher than 20 m and less average altitudinal differences. Furthermore, the 100SRTM presented altitudinal differences only in one species (Rana perezi; table 1) and no differences by taxonomical groups (table 2) . Thus, the more accurate DEM was the SRTM, even with a lower spatial resolution than the 50DEM. The subtraction model showed that the differences between the 100SRTM and the 50DEM corresponded mostly to rivers and band effect of radar sensor ( fig. 1) . These results probably are a consequence of the inclusion in the DEM of a new hydrographic net with altitudes of its own (Felicísimo, 1994; Maune, 2001) . Other possible sources of errors include the elaboration stage of the topographic maps, the process of digitalization, the georeferencing of each digital image of maps, the altitude interpolation of points and lines, the erroneous introduction of break lines, and the transformation to an image format without supervision. Also, failing in testing each procedure sequentially can lead to cumulative errors. Thus, the large number of building stages of the 50DEM can generate more errors than the simpler methods used for building the radar DEM.
In the comparison between the Manual method and the GIS method, the latter was more rapid and more accurate, because there were almost no human errors while collecting altitudes with the GIS method, no time was consumed in searching for and correcting those errors. Further, the volume of data that can be handled was larger using the GIS method. In this study, 6517 species locations were treated easily with the GIS method, whereas large number of records would be extremely time-consuming for manual handling.
In summary, the radar DEM has a larger accuracy and precision than other DEM or data extracted from topographic maps, even with a lower spatial resolution. Thus, Remote Sensing is a useful data source for biogeographical studies, especially when the study areas are large or other data are not available. Additionally, the GIS method is better than the Manual method, which is prone to mistakes, time-consuming and limited with large data sets. The GIS method is equally efficient independently of the study area size, as the time consumed for estimating altitudes is almost the same in small areas or large areas. Also, other topographical factors (slope and orientation) can be incorporated in altitudinal distribution studies or in mathematical models of potential distribution studies (Chefaoui et al., 2005) . Finally, the results of these studies can be perfectly replicated with the same methodology, removing the subjectivity of altitude recording.
